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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S275mm). JSW was also signiﬁcantly larger in the lateral joint in OP (1.94 
0.56 mm) than NO (1.37  0.27 mm). When the femur was virtually
loaded onto the tibia, two results were apparent; ﬁrstly, the distance to
ﬁrst contact mimicked the results of JSW, and secondly, once contact
was reached, the contact area with additional steps increased evenly in
the lateral compartment for both NO and OP, but increased dramatically
in the medial OP compartment. This indicates an altered surface con-
formity in the medial compartment, a result which is not available from
any other metric. Finally, the centre of mass of the femur relative to that
of the tibia along the three principle axes indicated an increased
destabilisation in the OP joints, where a and g showed signiﬁcantly
increased variance; (a, g) for NO (4.6, 1.9) and OP (8.9 , 5.3).
Conclusions: The results of this study show that ACL desmotomy in a
rabbit knee joint leads to an increase in Cg.Th and JSW in the lateral
condyle. It is possibly due to altered joint biomechanics leading to
unloading on this compartment, allowing the cartilage to swell and
increasing JSW. Despite this, there is no signiﬁcant change to contact
area, indicating that joint conformity is unchanged. In contrast, medi-
ally, a signiﬁcantly altered contact is seen. This may be due to either a
change in conformity, or is related to the instability of the femur and
tibia as indicated by the variance in a and g. The preclinical imaging
protocol ﬁrst introduced in smaller rat joints, has been successfully up-
scaled to rabbits, as indicated by both the comparison to histology, and
the ability to derive sensitive metrics from the data. Ongoing work
involves calculating bone morphometry to correlate spatially relevant
structural change with joint mechanics and cartilage tissues.
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OSTEOARTHRITIS PAIN PREDICTION USING X-RAY FEATURES: DATA
FROM OAI
J.I. Galvan-Tejada y, V. Trevi~no y, S. Totterman z, J.G. Tamez-Pena y.
y ITESM, Monterrey, Nuevo Leon, MEXICO; zQmetrics Technologies,
Rochester, NY, USA
Purpose: Knee pain is a common and disabling symptom in Osteo-
arthritis (OA). Joint pain is a late manifestation of osteoarthritis, in
earlier stages of the disease; changes in joint structures osteophytes,
cartilage degradation, and joint space reduction are shown. Since in
developing countries the access to MRI is very limited the main
objective was to determine what early radiological evidence is asso-
ciated with future development of joint pain symptoms.
Methods: OAI datasets used in this work were: “Central Assessment of
Longitudinal Knee X-rays for Quantitative JSW” Ver. 1.6, (Quantitative
data), and the “Central Reading of Knee X-rays for K-L Grade and
Individual Radiographic Features of Knee” Ver. 1.6 (Semi-quantitativeResults
Model Feature
JSW200 medial JSW al x¼0.200 [mm]
T0 JSW225 medial JSW al x¼0.225 [mm]
JSW275 medial JSW al s¼0.275 [mm]
Quantitative T-1 JSW300 medial JSW al x¼0.300 [mm]
LJSW875 lateral JSW al x¼0.850 [mm]
JSW175 medial JSW al x¼0.175 [mm]
T-2 JSW150 medial JSW al x¼0.150 [mm]
JSW250 medial JSW al x¼0.250 [mm]
JSW275 medial JSW al x¼0.275 [mm]
XRSCTM sclerosis (OARSI) tibia med com
T0 XRJSM joint space narrowing (OARSI) m
XRSCFM sclerosis (OARSI) femur med. co
Semi-quantitative XROSEM osteophytes (OARSI) femur me
XROSFM osteophytes (OARSI) femur med
T-1 XRSCFM chondrocal cinosis (Grades 0-1)
XRJSM joint space narrowing (OARSI) m
XRSCTM sclerosis (OAR SI) tibia med. com
T-2 XROSEM osteophytes (OARSI) femur me
XRKL Kellgren and Lawrence (grades 0-4data). The 60 months, “Right knee symptom status” as a predictive
variable. Subjects were selected from the dataset using some criteria;
a) Control subjects should not present pain as a symptom, no symp-
tomatic status, and take no pain medication between baseline date
and the 60 month visit, b) Case subjects, in the baseline information
shouldn’t present pain, no symptomatic status, and no medication,
during the study but they should present pain as a symptom in some
time point. For quantitative analysis 163 subjects were selected: a) 65
case subjects (27:38 Males:Females), height mean 1688.64 mm, height
S.D. 88.03 mm, BMI mean 27.05, BMI S.D. 4.33, Age mean 62.69, age
S.D. 9.58, max age 78, min age 46, b) 98 control subjects (43:55 Mal-
es:Females), height mean 1680.39 mm, height S.D. 97.91 mm, BMI
mean 26.27, BMI S.D. 3.99, age mean 61.80, age S.D. 10.09, max age 79,
min age 45. For semi-quantitative analysis 123 subjects were selected:
a) 63 case subjects (28:35 Males:Females), height mean 1657.75 mm,
height S.D 227.73 mm, BMI mean 27.27, BMI S.D. 4.38, age mean 65.02,
age S.D. 9.58, max age 78, min age 46, b) 60 control subjects (34:26
Males:Females), mean height 1691.48 mm, height S.D. 103.28mm, BMI
mean 28.48, BMI S.D. 4.09, age mean 66.72, age S.D. 8.71, max age 79,
min age 47. For quantitative data, a height and gender adjustment was
performed using a linear regression in order to eliminate a gender size
bias, 18 individual right knee features were used in the multivariate
analysis. For semi-quantitative data 19 right knee individual features
were used in the multivariate analysis. Three multivariate analyses
were performed on each semi-quantitative and quantitative data. T0,
using the information about the ﬁrst appearance of pain as a symptom,
data were analyzed using the 60 month pain information as the out-
come variable, T-1 analyzes the data a year before the pain appeared,
T-2 analyzes the information two years before the pain appeared.
GALGO an R package, was used to perform the analysis of 600 models
of 5 features each, using a logistic regression as a classiﬁer, with 3 k-
fold cross validation, 66% of the data was used to train and the other
33% was used in a blind test. A forward selection models and robust
gene backwards elimination were used to reﬁne the ﬁnal model. All
statistical analysis was done using R software.
Results: All 6 models showed a pain predictive association. For quan-
titative data: T0 information, the ﬁnal model was a three feature model
with an AUC of 0.652, T-1 information the ﬁnal model was a two feature
model with an AUC of 0.617, T-2 information the ﬁnal model was a four
feature model with an AUC of 0.674. For semi-quantitative data: T0
information the ﬁnal model was a four variable model with an AUC of
0.687, T-1 information the ﬁnal model was a four feature model with an
AUC of 0.679, T-2 information the ﬁnal model was a two feature model
with an AUC of 0.641.
Conclusions: The results suggest that some early radiological features
can be associated with OA symptoms, it is possible to achieve future
pain prediction with multivariate models based on X-ray features. TheOK P-value CI 95%
6.194 0.059 1.078 53.227
0.040 0.010 0.002 0.366
12.029 0.001 3.229 63.611
1.756 0.070 0.984 3.352
2.031 0.035 1.061 4.030
0.354 0.096 0.101 1.194
2.170 0.213 0.642 7.587
0.232 0.107 0.032 1.232
12.672 0.003 2.645 84.299
p. 0.201 0.073 0.024 0.957
ed. comp. 0.655 0.281 0.298 1.405
mp. 6.818 0.053 1.162 64.729
d. comp. 2.372 0.006 1.338 4.610
. comp. 2.726 0.002 1.522 5.369
med. comp. 7.874 0.031 1.426 64.665
ed. comp. 0.584 0.183 0.259 1.276
p. 0.169 0.183 0.023 0.805
d. comp. 2.313 0.006 1.320 4.449
) 0.771 0.242 0.494 1.189
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S276association of future pain with X-ray features can be used to develop a
prevention strategy for chronic pain. The public health systems can be
beneﬁciate with the use of a radiological Biomarker.
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SYNOVITIS IS ASSOCIATED WITH BONE MARROW ABNORMALITY IN
PATIENT WITH END-STAGE KNEE OSTEOARTHRITIS
A. Yusup y, H. Kaneko y, L. Liu y,z, R. Sadatsuki y, S. Hada y,
M. Kinoshita y, I. Futami y, H. Kurosawa x, Y. Shimura x, Y. Saita y,
Y. Takazawa y, H. Ikeda y, K. Kaneko y,z, M. Ishijima y,z. yDept. of Med. for
Orthopaedics and Motor Organ, Juntendo Univ. Graduate Sch. of Med.,
Tokyo, Japan; z Sportology Ctr., Juntendo Univ. Graduate Sch. of Med.,
Tokyo, Japan; xDept. of Orthopedics, Juntendo Tokyo Koto Geriatric Med.
Ctr., Tokyo, Japan
Purpose: The degeneration and destruction of articular cartilage are
associated with the progression of osteoarthritis (OA). However, the
pain and a loss of joint function which are characteristics of OA are not
correlated with the extent of degeneration and destruction of articular
cartilage. Synovitis in OA may be a secondary phenomenon related to
cartilage alterations induced by the release of degenerative compounds
from the extracellular matrix of articular cartilage and, presumably,
bone. This could further stimulate cartilage damage. Recently, the role
of synovitis in OA has attracted particular attention, as synovitis has
been revealed to be one of the potential predictive factors for both
structural and symptomatic progression of the disease, thus indicating
its crucial role in the pathophysiology of OA. However, most of the
studies focused on synovitis in OA were conducted to the patients with
early to moderate stage of knee OA. We previously revealed the dis-
ability of patients with end-stage of knee OAwho required TKA showed
a signiﬁcant correlation with the severity of synovitis in affected knee
joint. However, it’s still remained unclear whether synovitis is also
related to cartilage alterations in end-stage of knee OA, where articular
cartilage is almost disappeared. The aim of our study was to investigate
whether the joint abnormalities occurred in knee OA detected by MRI
were associated with synovitis evaluated by histological analysis in
patient with end-stage knee OA.
Methods: This study protocol was approved by the institutional review
board of our university. Sixty patients with end-stage knee OA (female:
53, male: 7, 70.1y on average) who undergoing TKA were enrolled. All
participants were performed with 1.5-Tesla MRI system. OA changes,
such as (1) cartilage morphology, (2) BMAs, (3) bone cysts, (4) bone
attrition, (5) meniscal pathology and (6) osteophytes, were scored using
the whole-organ MRI scoring method (WORMS) as reported previously.
The synovial samples were obtained during the operation from ﬁve
regions of interest (ROIs). These ROIs included 3 in the suprapatellar
recess (lateral recess [ROI 1], medial recess [ROI 2], and just above the
trochlear groove [ROI 5]) and 1 each in the lateral and medial femoral
gutters (ROIs 3 and 4, respectively). Six histological parameters were:
(1) the thickness of synovial lining layer, (2) subsynovial inﬁltration by
lymphocytes and plasma cells, (3) surface ﬁbrin deposition, (4) blood
vessel vasodilation and blood vessel proliferation, (5) ﬁbrosis, and (6)
perivascular edema. The parameters were graded as follows: 0 ¼ none;
1 ¼ mild; 2 ¼ moderate; 3 ¼ severe.
Results: A simple regression analysis was performed between each
histological total scores and WORMS scores. While cartilage morphol-
ogy scores, bone cyst scores, bone attrition scores, meniscal pathology,
and osteophyte scores were not associated with histological total scores
and its subcategory scores. On the other hand, BMA total score were
signiﬁcantly associated with histology total score (r ¼ 0.641, p ¼ 0.019).
All patients showed BMA in medial femoro-tibial joint (MFTJ). On the
other hand, twenty-six of sixty patients and sixteen of sixty patients did
not show BMA in lateral femoro-tibial joint (LFTJ) and patella-femoral
joint (PFJ), respectively. No signiﬁcant differences of the MFTJ histology
scores (ROI2þROI4) in patients with BMA in LFTJ in comparison to those
in patients without BMA in LFTJ (p ¼ 0.52). LFTJ histology scores(ROI1þROI3) of the patients with BMA in confronting LTFJ were sig-
niﬁcantly increased in comparison to those of patients without BMA in
this lesion (p < 0.001). Similarly, PFJ histology score (ROI5) of the
patients with BMA in confronting PFJ were also signiﬁcantly increased
in comparison to those of patients without BMA in this lesion (p <
0.001). Furthermore, total histological scores (SUM of ROI1 to ROI5) in
patients with BMA in LFTJ were signiﬁcantly increased in comparison to
those in patients without BMA in LFTJ (p < 0.001).
Conclusions: Synovitis in OA is associated with the severity of pain in
patients with primary through end-stage of knee OA. However, whether
synovitis is related to cartilage alterations in end-stage of knee OA is
unclear. BMAs are ﬁndings with a high signal intensity in the T2-
weighted fat-suppressed images. BMAs have been also linked to pain,
cartilage defects, and a progression of cartilage loss. However, the
pathogenesis of BMA is still unknown. The present study indicates for
the ﬁrst time the association between the BMA and synovitis in patients
with end-stage of knee OA.
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CT ARTHROGRAPHY OF THE HUMAN KNEE TO QUANTITATIVELY
MEASURE CARTILAGE BIOCHEMICAL COMPOSITION: PRELIMINARY
RESULTS OF AN IN-VIVO VALIDATION STUDY USING EX-VIVO
REFERENCE STANDARDS FOR CARTILAGE COMPOSITION
J. van Tiel, M. Siebelt, M. Reijman, P.K. Bos, J.H. Waarsing, J.A. Verhaar,
G.P. Krestin, H. Weinans, E.H. Oei. Erasmus MC, Univ. Med. Ctr.,
Rotterdam, Netherlands
Purpose: To non-invasively diagnose knee osteoarthritis (OA) in
an early stage of disease, to follow subtle disease progression over
time and to assess the efﬁcacy of potential novel treatment
strategies for OA, quantitative radiological measurements of car-
tilage composition have become of interest. Delayed gadolinium-
enhanced MRI of cartilage, T1rho-, T2-mapping, sodium imaging
and gagCEST are examples of MRI based techniques to measure
cartilage sulphated glycosaminoglycan (sGAG) or collagen content.
Recently, the ability of CT arthrography (CTa) to quantitatively
measure knee cartilage composition in terms of its sGAG content
has been demonstrated in an ex-vivo study using human cadaveric
knee joints. Since a validation study comparing in-vivo acquired
CTa outcomes against ex-vivo reference standards for
cartilage composition has not yet been performed, the aim of the
present study was to perform such a validation in humans with
knee OA.
Methods: We analyzed data of 12 patients from an ongoing study in
which knee OA patients (Kellgren and Lawrence grade 2-4) undergo
CTa before total knee replacement (TKR). Mean X-ray attenuation
values were calculated in 6 regions of interest (ROI) of the articular
cartilage (medial and lateral weight-bearing (WB) femoral condyles
and tibial plateaus and non-WB cartilage of the condyles) (Fig. 1).
Femoral and tibial cartilage was harvested during TKR and rescanned
with contrast-enhanced microCT (CE-uCT). Mean CE-uCT X-ray
attenuation values served as surrogate reference standard for carti-
lage sGAG content since it has been shown to accurately measure
sGAG content compared to a reference standard for cartilage com-
position. We analyzed the correlation between mean CTa X-ray
attenuation and mean CE-uCT X-ray attenuation with linear
regression.
Results: Mean X-ray attenuation values of the different ROIs in the
medial tibiofemoral joint ranged from 177 to 455 Hounsﬁeld Units
and from 151 to 454 Hounsﬁeld Units in the lateral tibiofemoral
compartment. Outcomes of CTa had a strong correlation with ref-
erence CE-uCT X-ray attenuation, representing sGAG content of
articular cartilage in the femoral cartilage (r ¼ 0.79; p<0.0001; r^2
¼ 0.63) (Fig. 2A), in the tibial cartilage (r ¼ 0.75; p<0.0001; r^2 ¼
0.58) (Fig. 2B) and in the tibiofemoral cartilage (r ¼ 0.78; p<0.0001;
r^2 ¼ 0.61) (Fig. 2C).
